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APPENDIX 7-A 
 

 

Inundation Maps 







Santa Anita Dam Inundation area: 
 
Population Count (2000 Census) 48,400 
 
Parcels within Inundation area: 14,676 
 
Improvement Values (2003 LA County Assessor) 
 
      COUNT IMPROVEMENT VALUE 
Single Family Residential (SFR)  12081  $ 1.967 B 
High Density Residential: (HDR)  1326  $    312 M 
Commercial (COM)   686  $    462 M 
Industrial       (IND)    181  $      83 M 
Institutional    (INST)   43  $      20 M 
 
Schools: 
 Elementary   6 
 Middle    4 
 High School   2 
 
Others: 
Libraries:    2 
City Hall:    1 
Fire Station:    2 
 
The rest are 800/900 Parcels, 
   Agricultural, LACFCD, &  
   vacant parcels 
 
Total Improvement Value = $ 2.84 B*  
 
*Summation of parcels categorized as SFR, HDR, COM, IND & INST). Excluded are 
AGR, vacant, LAFCD & 800/900 parcels. 
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Santa Anita Debris Basin Inundation area: 
 
 
Affected Parcels (Residential with Improvement Value per Assessor): 62 
 
Total Improvement Value = $ 14.7 M (2003 LA County Assessor) 
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APPENDIX 7-B 
 

 

FRAM Model (Storm Events) 



FRAM Model (Storm Events) 
 
Assumptions: 
 
Without Project – 
Less than 50-year storm would not cause dam failure due to overtopping and erosion of abutments 
50-year frequency storm will cause dam failure due to overtopping and erosion of abutments. 
PMP event would cause same damage 
 
With Project –  
50-year frequency storm and less will not cause flooding damage 
PMP event would cause flooding damage (approx 6.5% of damage failure) 
 
Inputs: 
Resident data from inundation area (Appendix7-A) updated into 2009 dollars 
Commercial data from inundation area (Appendix 7-A) updated into 2009 dollars (including Institutional) 
Industrial data from inundation area (Appendix 7-A) updated into 2009 dollars 
 
Used 50% of building costs for content costs 
 
Did not take into account road, commerce, loss of life impacts.  Only building and content costs. 

 
 
 



Return to Menu

Project Name:

Cost of Project:

Description:

Number of Events Modeled

Average Return Interval (AR

Annual Probability of Exceeda

Probability of Levee Failure

Water Surface Elevation - cha

Flood Warning Time (hours)
Flood Experience
Penod of Inundation (days)

HEC-FIA DATA INPUTS

Residential Structural Dam
Residential Contents Dame
Residential Debris & Clean

Commercial Structural Da
Commercial Contents Dam
Commercial Debris & Clea r

Industrial Structural Darnag
Indusinal Contents Damag
Industrial Debns & Cleanup

Agricultural Structural Dam
Agricultural Contents Dama
Agncultural Debris & Clean

Residential Properties
Ratio Depreciated Value to R

Average Flood depth above g

Rural - Res: Homesteads
Rural - Other Barns. sheds
Urban Res Single story (no
Urban Res, Single story (ba
Urban Res: Two plus story)
Urban Res: Two plus story (
Mobile home

Commercial Properties
Ratio Depreciated Value to R
Average Flood depth above g

low value
medium value
high value

Industrial Properdes
Ratio Depreciated Value to R

Average Flood depth above gr

low value
medium value
high value

Agricultural Production

Corn
Rice
Walnuts
Almonds
Cotton
Tomatoes
Wine Grapes
Mafia
Pasture
Safflower
Sugar Beets
Beans
Other

Roads
length of arterial roads roun d

length of major roads inund
length of minor roads inund
length of unsealed roads inu

Santa Anita Storrnwater Flood Management and Seismic Strengthening Project

40,000,000 1

The Darn can not handle a Maximum Credible Earthquake due to seismic deficiency and the spillway can not pass the Probable Maximum Flood as required by DSOD The main spillways have a capacity off,376 cfs.
which is not adequate to accommodate the Capfial Flood (50-frequency storm) inflow of 9,700 cfs or the runoff resulting from the PMP of 26.100 cfs. If a significant storm event were reoccur which exceeds the
spillway capacity of the Dam the uncontrolled overtopping of the Dam by stormwater runoff could erode the abutments or undermine the Dam resulting in a dam failure

I 51 Event 1 Event 2
Without

Event 3
Project

Event 4 8,AI.. Event 1 Event 2
With

Event 3
Project

Event A —1/11111

I)

Ion

noel (f)

lges (5)
ges (3)
P (S)

ages (5)
ages (8)
up (5)

as ($)
5(8)
(s)

iges ($)
ges ($)
IP ($)

'placement Value

ound level ff)

base)
sement)
no base)
basement)

placement Value
ound level tfj/

building area inundated Isq.f.)
building area inundated (sq f )
building area inundated (sq.f.)

placement Value

ound level If)

building area inundated (sq.I.)
building area inundated (sq.f )
building area inundated (sq-f-)

2C

ac.
ac
ac
ac.
ac.
2C

ac.

ac
2C

ated (miles)
vied (miles)
rod (miles)
ndated (miles)

5 10 25 50 10000 5 10 25 50 10000

0 200 0 100 0 040 0 020 0 000 4DIV/Ol 0 200 0 100 0 040 0 020 0 000 4DIV/0!

0.00 aoo 0.00 1.00 1.00 aoo 0.00 0.00 aoo 1.00

N N N N N N N N N N

Y

0 0 0 2,399.787.000 2,399,787,000 0 0 0 0 115 986 155
0 0 0 1,199893500 1 199&93500 0 0 0 0 77,993 078

0 0 0 507.546.000 507.546,000 0 0 0 0 32.990,490
0 0 0 253773.000 253773,000 0 0 0 0 16.495 245

0 0 0 87.399 000 87,399,000 0 0 0 0 5,680,935
0 0 0 43.699.500 43.699,500 0 0 0 0 2.840 468

0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

Extrapolate T-intercept I NI



Cost-Benefit Analysis

Net Present Value (NPV)

Benefit Cost Ratio

Actual Potential
$ 2,478,670,351 j $ 2,565,247,937 1 (at

62 9671 65.1311

discount rate over years)

Summary of Cost-Benefit Analysis Return to Menu I

Project Name: Santa Anita Stormwater Flood Management and Seismic Strengthening Project

Description The Dam can not handle a Maximum Credible Earthquake due to seismic deficiency and the spillway can not
pass the Probable Maximum Flood as required by DSOD. The main spillways have a capacity of 2,900 cfs,
which is not adequate to accommodate the Capital Flood (50-frequency storm) inflow of 9,700 cfs or the runoff
resulting from the PMP of 26,100 cfs. If a significant storm event were to occur which exceeds the spillway
capacity of the Dam, the uncontrolled overtopping of the Dam by stormwater runoff could erode the
abutments or undermine the Dam, resulting in a dam failure.

Proposed project capital cost:

Change in annual O&M costs:

PV of future O&M costs:

PV of future costs

40,000,000 1

40,000,000 I

[Note: construction costs which are assumed to occur in one year.]

[Note: the change in annual O&M costs compared to without project condil

(at 1 6%1 discount rate over 50 years)

[Note the sum of capital costs plus the PV of O&M costs.]

Benefits

EAD without project

EAD with project

Annual Benefit:

PV of Future Benefits:

Actual Potential
162.838.553 1 $ 168,453,675 1

3.043,309 1 $ 3.165,579 1

$ 159,795,243 1 $ 165,288,096 1

$ 2,518,670,351 1 $ 2,605,247,937 1

[Note: for stormwater projects use "Potential" damage which ignores si

(at discount rate over 1501 years)

Actual Potential
$ 3,392.750,911 $ 3,510,749,398
$ 2,877,210,045 $ 2,977,487,164
$ 2,478,670,351 $ 2,565,247,937
$ 2,165,293,608 $ 2,241,099,081
$ 1.914.852,651 $ 1,982,049,387

NPV Sensitivity to Discount Rate
4%
5%
6%
7%
8%



Residential Buildings

Without Project
11111.1.1111 1Event 1 Event 2 Event 31 ' - Evirit fl - '

AR!: 5 10 25 50 10000 0

Probability of Levee Failure 0.00 0 00 0 00 1 00 1.00 000

Flood depth above ground level (ft) DOD 000 0.00 000 000 0.00

Buildings Inundated (no.)

Rural - Res Homesteads 0 0 0 0 0 0
Rural - Other Barns. sheds 0 0 0 0 0 0
Urban Res: Single story (no base) 0 0 0 0 0 0
Urban Res, Two plus story (no base) 0 0 0 0 0 0
Mobile home 0 0 0 0 0 0

Structural Damages

Rural - Res Homesteads $ - $ - $ - $ $ $ -
Rural - Other. Barns, sheds $ - $ - $ - $ $ $ -
Urban Rex Single story (no base) $ - $ - $ - $ $ $ -
Urban Res. Two plus story (no base) $ - $ - $ - 5 $ $ -
Mobile home $ - $ - $ - $ $ $ -

Structual Damages HEC-FIA $ - $ - $ - 5 2.399,787.000 $ 2,399,787,000 $ -

Total Structural Damages $ - $ - $ - $ 2.399.787.000 $ 2.399.787,000 $ -

Content Damages

Rural - Res' Homesteads $ - $ - $ - $ - S $ -
Rural - Other Barns, sheds $ - $ - $ - $ - 9 $ -
Urban Res: Single story (no base) $ - $ - $ - $ - S $ -
Urban Res: Two plus story (no base) $ - $ - $ - $ - $ $ -
Mobile home $ - $ - $ - $ - $

Contents Damage HEC-FIA $ - $ - $ $ 1,199.893.500 $ 1.199,893,500 $ -

Actual .Potential Ratio 0.9 0.9 09 0.9 0.9 0.9

Total Contents Damages: Actual $ - $ - $ - 5 1 079 904.150 $ 1 079.904,150 $ -
Total Contents Damages Potential $ - 8 - $ 1,199,893,500 $ 1,199,893,500 $ -

Clean-Up/ Other Costs

External $ - $ • $ - $ $ -
Cleanup $ - $ - $ - $ $ 5 -

Other Costs HEC-PIA $ - $ - $ - 5 $ -

Total Other Costs Potential $ - $ - $ - $ $ -

Sum Actual Damages $ - $ - $ - $ 3,479,691,150 $ 3,479,691,150 $ -
Sum Potential Damages $ - $ • $ - $ 3,599,680,500 $ 3,599,680,500 $ -

Total Actual Damage with levee failure (5), $ - $ - $ - S 3,479,691,150 $ 3,479,691,150 $ -
Total Potential Damage with levee failure ($), $ - $ - $ - $ 3,599,680,500 $ 3.599,680,500 $ •

Indirect Actual Damage $ - $ - $ - $ 869,922,788 $ 869.922,788 $ -
Indirect Potential Damage $ - $ - $ - $ 899,920,125 $ 899,920,125 $ -

Event 1 Event 2 Eved3
With Pro'ect

( onrro 1,

5 10 25 50 10000 0

0.00 0.00 0.00 0.00 1 DO 0.00

0.00 000 0.00 0.00 000 0 00

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

$ - $ - $ - $ $ $ -
$ - $ - $ - 5 $ $ -
5 - 5 - $ - $ $ 5 -
$ - 5 - $ - $ $ 5 -
5 - $ - $ - 9 S 5 -

$ - $ - 5 - $ $ 115.986.155 $ -

$ - $ - $ 115.986155 $ -

$ - $ - $ - $ $ $ -
0 - 5 - 5- $ $ $ -
8 - 5 - 5 - $ $ $ -
$ - 5 - $ - $ $ $ -
5 - 5 - 5 - $ - $ $ -

$ - $ - $ - $ - $ 77 993,078 SS

0.9 0.9 0.9 09 0.9 0.9

$ - $ - $ - $ - $ 70 193,770 $ -
$ - $ - $ 77,993,078 $ -

5 - $ - $ • $ 5 -
$ - 5 - $ 5 5 -

5 - 5 - $ $ 5 -

$ - $ - 5 $ $ -

S - $ - $ - $ $ 186,179,925 $
$ - $ - $ - $ 193,979,233 $

$ - $ - $ - $ $ 186,179,925 $ -
$ - $ - S - $ $ 193,979,233 $ -

$ - $ - $ - $ S 46,544.981 $ -
$ - $ - $ - $ 5 48,494,808 $ -



Commercial & Industrial Buildings

Without Project With Pro ect
Event 1 Event 2 Event 3 *- - . Event 4 -"Ill Event 1 Event 2 Event 3 Event 4 Eventillail

ARI: 5 10 25 50 10000 0 5 10 25 50 10000 0

Probability of Levee Failure 0.00 0.00 0_00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00

Commercial
'Flood depth above ground level (ft) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

low building size 0 0 0 0 0 0 0 0 0 0 0 0
medium building size 0 0 0 0 0 0 0 0 0 0 0 0
high building size 0 0 0 0 0 0 0 0 0 0 0 0

Industrial
'Flood depth above ground level (ft) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

low building size 0 0 0 0 0 0 0 0 0 0 0 0
medium building size 0 0 0 0 0 0 0 0 0 0 0 0
high building size 0 0 0 0 0 0 0 0 0 0 0 0

Structural Damages

Commercial
low 5 - $ - $ - $ $ $ - 5 - $ - 5 - 5 - $ S -
medium $ - $ - $ - $ $ 5 - $ - 5- $ - 5 - $ - $ -
high 5 - 5 - 5 - $ - $ - 5 - $ - 5 - $ - 5 - $ - $ -

Commercial HEC-FIA $ - $ - $ - $ 507,546,000 $ 507,546.000 $ - $ - $ - $ - $ - $ 32,990,490 $

Industrial
low $ - $ - $ - $ $ $ - $ - $ - $ - 5 - $ $
medium $ - $ - $ - $ $ 5 - $ - $ - 5 - 5 - $ $
high $ - $ - 5 - $ $ $ - 5 - $ - $ - 5 - $ - $

Industrial HEC-FIA $ - $ - $ 87,399,000 $ 87,399,000 $ - $ - $ - $ - $ - $ 5,680,935 $

Total Structural Damages $ - $ - $ - $ 594 945.000 $ 594 945 000 $ - $ - $ - $ - $ - $ 38.671,425 $

Contents Damages

Commercial
low $ - $ - 5 - $ $ $ - $ - $ - 5 - 5 - $ $
medium $ - $ - 5 - $ $ 5 - 0 - $ - 5- 5 - $ $
high 5 - 5 - 5 - $ $ $ - 5 - $ - 5 - 5 - $ $

Commercial HEC-FIA $ - $ - $ 253,773,000 $ 253,773,000 $ - $ - $ - $ - $ 16,495,245 $

Industrial
low $ - 5- 5 - $ $ 5 - 5 - $ - 5 - $ - $ $
medium $ - 5 - $ - $ $ 5 - $ - $ - 5 - $ - $ $
high 5 - 5 - $ - $ $ $ - $ - $ - 5 - $ - $ $

Industrial HEC-FIA $ - $ - $ - $ 43,699.500 $ 43,699,500 $ - $ - $ - $ - $ - $ 2,840,468 $

Actual:Potential Ratio 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Total Contents Damages: Actual 0 - $ - $ - $ 267,725 250 $ 267 725 250 $ - $ - $ - $ - $ - $ 17.402 142 $
Total Contents Damages Potential $ - $ - $ - $ 297,472.500 $ 297,472.500 $ - $ - $ - $ - $ - $ 19,335.713 $

Clean-up/ Other Costs $ - $ - $ - $ . $ . $ - $ - $ - $ - $ 0
Clean-Up/ Other Costs: HEC-FIA $ - $ - $ $ $ - $ - $ - $ - $ 0

Sum Actual Damages $ - $ - $ - $ 862,670,250 $ 862,670,250 $ - $ - $ - $ 56,073,567 $
Sum Potential Damages $ - $ - $ 892,417,500 $ 892,417,500 $ - $ - $ - $ 58,007,138 $

Total Damage with levee failure (5): $ - $ - $ - $ 662,670,250 $ 862,670,250 0 - $ - $ - $ - $ - $ 56,073,567 $ -
Total Damage with levee failure (0): $ - $ - $ - $ 892,417,500 $ 892,417,500 $ - $ - $ - $ - $ - $ 58,007,138 $

Indirect Actual Damages $ - $ - $ - $ 215,667,563 $ 215,667,563 $ - $ - $ - $ - $ - $ 14,018,392 $
Indirect Potentail Damages $ - $ - $ - $ 223,104,375 $ 223,104.375 $ - $ - $ • $ - $ - $ 14,501,785 $
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APPENDIX 7-C 
 

 

Hydrologic Runs Santa Anita Dam 

2- , 5-, 10-, 25-, 50-year 



Hydrologic Run through Santa Anita Dam 
 
Using theoretical storms for 2-, 5-, 10-, 25-, and 50-year frequency storms. 
 
Excel Spreadsheet contains actual data 
 
Runs for:   
Sluice Gate 100% open 
All Valves open and Sluice Gate Open 
All Valves open and Sluice Gate Closes (i.e. blocked) 
 
 



Only Sluice Gate Open
Storm Frequency Max Inflow (cfs) Max Outflow (cfs) Max WSE (ft) Max Storage (ac-ft)

2-YR 3099.0 736.6 1301.7 643.8
5-YR 5008.0 4025.3 1325.4 969.0
10-YR 6263.0 6105.7 1327.8 1005.1
25-YR 7842.0 7652.7 1329.3 1029.2
50-YR 9018.0 9002.1 1330.6 1040.2

All Valves Open, Sluice Gate Open
Storm Frequency Max Inflow (cfs) Max Outflow (cfs) Max WSE (ft) Max Storage (ac-ft)

2-YR 3099.0 1224.8 1284.6 453.7
5-YR 5008.0 2944.8 1320.1 889.0
10-YR 6263.0 5450.3 1326.3 982.4
25-YR 7842.0 7651.4 1328.5 1017.3
50-YR 9018.0 8801.1 1329.7 1035.2

Valves Open, Sluice Gate Closed
Storm Frequency Max Inflow (cfs) Max Outflow (cfs) Max WSE (ft) Max Storage (ac-ft)

2-YR 3099.0 685.0 1312.6 784.1
5-YR 5008.0 4651.2 1326.3 983.0
10-YR 6263.0 6107.0 1327.9 1006.4
25-YR 7842.0 7652.8 1329.4 1030.5
50-YR 9018.0 8907.5 1330.6 1040.2



„it

CROSS- SECTION

1327.11 TOP OF PARAPET
CREST OF DAM ANO

13212 SILL OF SPILLWAY NO. 2

1316.0 CREST OF SPILLWAYS NOS. 1 & 3 --'

1196.5 VALVE NOA. 30" HOLLOW JET

1179.5 SILL OF SLUICE GATE

VALVE NO.3. 
30" HOLLOW JET

VALVE NO. 2..
48" HOLLOW CONE'

1112.7 VALVE NO. A • 1, 15" DAIE

1176.7

11612

SANTA ANITA DAM
AND RESERVOIR

PURPOSE- Rood Control and Consemation.
DATE CONSTRUCTED- Started October 1924. Com pleted March 1927.
LOCATION- 2.5 miles north of Arcadia
DRAINAGE AREA. 10.8 square mutes.
CAPACITY- 836 acre - feet.
SPILLWAY ELEVATION- 1.316.0 feet.

F-138



**TITLE CARD(S)**
TT FLOOD FLOW FREQUENCY ANALYSIS PROGRAM
TT FITTING THE LOG-PEARSON TYPE III DIST
TT DAM INFLOW, SANTA ANITA DAM

FINAL RESULTS
-PLOTTING POSITIONS-SANTA ANITA
****************************************************************
* EVENTS ANALYZED * ORDERED EVENTS *
* * WATER WEIBULL *
* MON DAY YEAR FLOW,CFS * RANK YEAR FLOW,CFS PLOT POS *
* * - - - - - - - - - - - - - - - - - - - - - - - - - - - -  *
* 1 19 1933 390• * 1 1969 5500. .0167 *
* 1 1 1934 800. * 2 1938 5140. .0333 *
* 4 8 1935 449. * 3 1943 3100. .0500 *
* 2 12 1936 228. * 4 1966 1920. .0667 *
* 2 6 1937 313. * 5 1967 1520. .0833 *
* 3 2 1938 5140. * 6 1962 1460. .1000 *
* 12 19 1938 159. * 7 1973 1350. .1167 *
* 1 8 1939 378. * 8 1954 1240. .1333 *
* 3 4 1941 300. * 9 1983 1197. .1500 *
* 12 29 1941 53. * 10 1993 909. .1667 *
* 1 23 1943 3100. * 11 1992 863. .1833 *
* 2 22 1944 813. * 12 1952 837. .2000 *
* 11 11 1944 303. * 13 1944 813.
* 12 23 1945 492. * 14 1934 800.

.2167 :

. 2333
* 11 20 1946 382. * 15 1971 674.
* 4 28 1948 41. * 16 1959 622.

.2500 :

. 2667
* 1 20 1949 32. * 17 1958 618. .2833 *
* 12 18 1949 115. * 18 1956 569. .3000 *
* 1 11 1951 10. * 19 1946 492. .3167 *
* 1 16 1952 837. * 20 1935 449. .3333 *
* 12 1 1952 153. * 21 1991 417. .3500 *
* 1 24 1954 1240. * 22 1933 390. .3667 *
* 11 11 1954 173. * 23 1947 382. .3833 *
* 1 26 1956 569. * 24 1939 378. .4000 *
* 2 23 1957 122. * 25 1963 368. .4167 *
* 4 3 1958 618. * 26 1937 313. .4333 *
* 1 6 1959 622. * 27 1945 303. .4500 *
* 2 1 1960 16. * 28 1941 300. .4667 *
* 1 26 1961 65. * 29 1974 280. .4833 *
* 2 11 1962 1460. * 30 1936 228. .5000 *
* 2 9 1963 368. * 31 1982 213. .5167 *
* 4 1 1964 53. * 32 1970 208. .5333 *
* 4 9 1965 130. * 33 1977 200. .5500 *
* 12 29 1965 1920. * 34 1955 173. .5667 *
* 12 6 1966 1520. * 35 1968 165. .5833 *
* 11 19 1967 165. * 36 1939 159. .6000 *
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FINAL RESULTS
-PLOTTING POSITIONS-SANTA ANITA
****************************************************************
... EVENTS ANALYZED .............. ORDERED EVENTS ........

* * WATER WEIBULL *
* MON DAY YEAR FLOW,CFS * RANK YEAR FLOW,CFS PLOT POS *
* * - - - - - - - - - - - - - - - - - - - - - - - - - - - - *
* 1 25 1969 5500. * 37 1953 153. .6167 *
* 2 28 1970 208. * 38 1981 147. .6333 *
* 11 29 1970 674. * 39 1984 142. .6500 *
* 12 24 1971 99• * 40 1965 130. .6667 *
* 2 11 1973 1350. * 41 1957 122. .6833 *
* 1 7 1974 280. * 42 1989 119. .7000 *
* 3 6 1975 54. * 43 1990 117. .7167 *
* 3 1 1976 101. * 44 1950 115. .7333 *
* 1 3 1977 200. * 45 1985 102. .7500 *
* 1 29 1981 147. * 46 1976 101. .7667 *
* 3 17 1982 213. * 47 1972 99. .7833 *
* 3 2 1983 1197. * 48 1986 89. .8000 *
* 12 25 1983 142. * 49 1988 87. .8167 *
* 12 19 1 -984 102. * 50 1961 65. .8333 *
* 1 30 1986 89. * 51 1975 54. .8500 *
* 1 5 1987 11. * 52 1964 53. .8667 *
* 1 17 1988 87. * 53 1942 53. .8833 *
* 2 4 1989 119. * 54 1948 41. .9000 *
* 2 17 1990 117. * 55 1949 32. .9167 *
* 3 1 1991 417. * 56 1994 19. .9333 *
* 2 11 1992 863. * 57 1960 16. .9500 *
* 1 7 1993 909. * 58 1987 11. .9667 *
* 3 24 1994 19. * 59 1951 10. .9833 *
****************************************************************



FILENAME: S-ANITA.DAT (STATION SKEW ONLY)
FINAL RESULTS
-FREQUENCY CURVE-SANTA ANITA
**********************T*****************************************

,-----_
* COMPUTED

.......... FLOW,CFS ...... *...CONFIDENCE LIMITS...*
EXPECTED * EXCEEDANCE *
PROBABILITY * PROBABILITY * .05 LIMIT .95 LIMIT *

12200. 14700. * .002 $-061 *-* 26500. 6780. *
8280. 9540. * .005 Z1-1311a* 16900. 4800. *
5980. 6690. * .010 /001.* 11600. 3600. *
4180. 4550. * .020 9')t * 7660. 2610. *
2800. 2980. * .040 15Yit* 4830. 1820. *
1490. 1540. * .100 my/IL* 2360. 1030. *
818. 834. * .200 511k* 1210. 588. *
254. 254. * .500 ZYk* 345. 187. *
76. 75. * .800 * 106. 52. *
40. 39. * .900 * 58. 25. *
23. 22. * .950 * 36. 14. *
8. 7. * .990 * 14. 4. *

*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*
* FREQUENCY CURVE STATISTICS * STATISTICS BASED ON *
* * *
* MEAN LOGARITHM 2.3942 * HISTORIC EVENTS 0 *
* STANDARD DEVIATION .6132 * HIGH OUTLIERS 0 *
* COMPUTED SKEW -.0970 * LOW OUTLIERS 0 *
* GENERALIZED SKEW -99.0000 * ZERO OR MISSING 0 *
* ADOPTED SKEW -.0970 * SYSTEMATIC EVENTS 59 *
****************************************************************
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Introduction 
 
The Big Tujunga dam is a concrete arch dam which was originally constructed in 
1930 and 1931 (MWH, 2007).  The dam crest is 244 feet above bedrock.  The 
dam structure includes three elements, with a total crest length of about 830 feet:  

 the concrete arch portion with a crest length of 400 feet, 

 an uncontrolled ogee weir spillway with a crest length of 122 feet on the 
north side of the arch portion, and  

 a concrete-faced earthen embankment wing wall with a length of about 308 
feet, extending northwards from the spillway. 

 
Regulated outflows are governed by valves on four outlet pipes with diameters of 
12, 48, 60, and 72 inches.  In addition a 60” sluice tunnel is used for sluicing 
sediments from the reservoir (MWH, 2007).   
 
Unregulated flows over the spillway occur whenever the reservoir level reaches 
the spillway crest.  Extreme flows in excess of the spillway capacity would result in 
unregulated flows over the dam crest and abutments. 
 
The Big Tujunga dam, which was designed in the late 1920s, did not have an 
explicit seismic design criterion.  However, a detailed engineering analysis of the 
existing dam, which established the elevation for lowering the reservoir, concluded 
that 0.6 g was the maximum credible earthquake that the dam could withstand 
(Lindvall Richter and Associates, 1975).  However, subsequent concerns with the 
stability of the left abutment have lowered this estimate (Lilley, PE, 2007).  Thus, 
the  best available estimate of the seismic capacity of the existing dam is less than 
0.6 g.  This seismic capacity is substantially deficient relative to the current seismic 
design criteria of 1.1 g for this site.   
 
The Big Tujunga dam does not meet the seismic safety requirements of the 
California Department of Water Resources Division of Safety of Dams (DSOD).  
DOSD has thus restricted the maximum allowable reservoir elevation to 2,213 
feet, which corresponds to about 22% of the reservoir’s original storage capacity. 
 
The DSOD has also raised the Probable Maximum Flood from 86,500 cfs to 
111,570 cfs.  Thus, the existing dam structure has substantial deficiencies with 
respect to extreme floods as well as with respect to earthquakes. 
 
 
Mitigation Alternatives 
 
Given the substantial seismic and hydraulic deficiencies of the existing dam 
structure, the dam cannot continue to be operated at the current restricted 
reservoir elevation.  Rather, there are three possible alternatives: 
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 remove the dam completely, 

 convert the existing structure to a debris dam only, or 

 retrofit the dam to DSOD standards. 

Complete Removal of the Dam 
 
Complete removal of the dam is not a viable option because it would not only 
result in loss of water storage but also substantially increase the flood risk 
downstream because stream flow would be completely uncontrolled. 
 

Conversion to a Debris Dam Only 
 
Conversion of the existing structure to a debris dam only would significantly 
reduce, but not completely mitigate the seismic and hydraulic risk.  A debris dam 
would not have permanent storage.  However, outflows would be limited to the 
maximum outlet conveyance capacity and thus reservoir levels could still rise 
significantly during periods of large inflows.   
 
There are also two other significant negative attributes for conversion of the dam 
to a debris dam only:  1) loss of water storage, and 2) environmental impacts from 
loss of supplemental stream flow during dry months.  The stream provides habitat 
to a threatened fish species, the Santa Ana Sucker, loss of the ability to 
supplement stream flows during dry months could result in complete loss of this 
species from the stream. 
 
Despite these negative aspects, conversion of the dam to a debris dam only would 
meet DSOD’s regulatory requirements.  The cost to convert the dam to a debris 
dam only is estimated to be $40,950,000 (Lilley PE, 2007).  In effect this cost is 
thus the minimum cost to make the dam compliant with the DSOD regulatory 
requirements and thus is conceptually equivalent to the minimum cost for code 
compliance for a building. 
 
 Retrofit of the Existing Dam 
 
The retrofit of the existing dam to full compliance with DSOD’s seismic and 
hydraulic requirements is fully described in the 100% Final Design Report (MWH, 
2007).  A brief synopsis is given below, quoted verbatim from the Final Design 
Report. 
 

“The new seismic rehabilitation design consists of placement of new 
conventional mass concrete (CMC) on the downstream face of the 
existing arch dam to create a new thick-arch dam.  The new concrete 
section will have a crest thickness of 12 feet(20 feet total crest 
thickness, including the existing dam crest and the new concrete), a 
downstream slope of 0.25 to 1 (horizontal to vertical), and a base 
thickness of approximately 66 feet.  Considering that the thickness of 
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the existing dam base is 73 feet, the total base thickness of the new 
thick-arch dam will be approximately 140 feet and the base to height 
ratio will be approximately 0.6.  The total volume of new concrete for 
the thick arch is estimated at approximately 70,000 to 80,000 cubic 
yards.” 
 
“To accommodate a new larger PMF, a new hydraulic rehabilitation 
design incorporates a partial ogee crest into the central spillway for 
flows overtopping the dam.  The spillway shape and resulting spill 
trajectory is designed to throw essentially the entire spill into the 
canyon bottom downstream and away from the toe of the dam.” 
 

The final cost of the dam retrofit is $88,533,680 (Shimmick Construction Company 
Inc.), the bid amount accepted by the Los Angeles County Flood Control District. 
 
 
Benefit-Cost Analysis:  Approach and Data Inputs 
 
 Overview:  Lower-Bound Approach 
 
There are three principal hazards which pose significant risk of dam failure: large 
seismic events, extreme flood events, and large landslides into the reservoir.   
 

 The retrofit project will provide a very high level of seismic capacity, with the 
design basis being 1.1 g, compared to 0.6 g or less for the existing dam.   

 

 The retrofit project will provide very high degree of protection from extreme 
flood events by directing overtopping flows at the PMF (or even higher) 
downstream into the canyon bottom away from the toe of the dam. 

 

 The retrofit project will also provide substantial protection against landslide-
induced hydraulic surges by greatly strengthening the current thin-arch dam 
into a thick-arch dam. 

 
The present benefit-cost analysis considers the seismic benefits only and is thus a 
conservative lower-bound type analysis.  Inclusion of the benefits of reduced 
probability of dam failure from extreme floods and from landslides into the 
reservoir would yield higher benefits and higher benefit-cost ratios. 
 
The inundation area within the Tujunga Valley from the Big Tujunga dam to 
Foothill Boulevard has a length of about 10.5 miles.  The canyon is narrow over 
most of the reach, with many sections roughly 500’ to 1000’ wide and nearly the 
entire reach less than 2000’ wide.  The elevation drop from the dam to Foothill 
Boulevard is nearly 1000’.  Given these hydraulic conditions, the flows will be deep 
with high velocities, resulting in virtually complete damage to structures and a very 
high casualty rate for people within the inundation area. 
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For purposes of benefit-cost analysis, we assume 90% damage to buildings and 
contents within the inundation zone.  Nearly all buildings are almost certain to be 
completely destroyed, but some buildings at the extreme fringe of the inundation 
zone may survive with less than complete damage. 
 
The inundation times along the Tujunga Valley range from essential zero near the 
dam to only about 35 minutes at Foothill Boulevard.  There is no automated 
warning system or warning sirens.  Given these conditions, relatively few (if any) 
occupants within the inundation zone are likely to receive warning and react 
quickly enough to avoid inundation.  If dam failure were to occur during nighttime 
hours the death rate would likely be nearly 100% of occupants.  If dam failure were 
to occur during daytime hours, the death rate would be very high, but, hopefully, 
less than 100%.   
 
In the spirit of this conservative, lower-bound type benefit-cost analysis, we 
assume an average death rate of 80%.  Unfortunately, the actual death rate might 
well be closer to 100%. 
 
 
 Seismic Fragility Curves 
 
For the as-is dam, we estimate the following seismic fragility data for the complete 
damage state (dam failure):  median failure 0.60 g, beta 0.64 (beta is a lognormal 
standard deviation parameter).  This is a conservative fragility estimate, because 
engineering staff at the Los Angeles County Department of Public Works 
estimated the seismic capacity of the as-is dam as less than 0.6 g.  We use a 
higher median PGA for failure, 0.60 g, because exceeding the capacity does not 
necessarily result in failure.  The beta of 0.64 is the typical HAZUS beta, when 
there is incomplete information about a facility. 
 
For the after-mitigation dam, we estimate the median PGA for failure as 1.65 g 
with a beta of 0.40.  The stated design basis for the retrofitted dam is 1.10 g; 
however, the usual design basis for International Building Code seismic provisions 
is deemed to provide life safety to ground motions 50% higher than the design 
basis.  For example, a building designed per the IBC to 2/3rds of the 2% in 50 year 
ground motions is deemed to have an extremely low probability of collapse up to 
the full 2% in 50 year ground motion.  The smaller beta reflects greater certainty in 
the seismic performance of the retrofitted dam. 
 
For this benefit-cost analysis, we consider only the complete damage state and 
not consider the benefits of reducing damages to the dam for lower damage states 
(e.g., slight, moderate or extensive damage states as defined in HAZUS).   
 
Furthermore, for benefit-cost analysis, we adopt a very conservative lower bound 
assumption that the probability of failure is nil when the reservoir level is at or 
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below the DSOD’s authorized reservoir level.  Reservoir elevation data from 
January 1, 2002 through July 23, 2008, show that the reservoir has been above 
authorized levels 23.74% of the time (555 days out of a total of 2,338 days).  For 
each PGA bin in the FEMA BCA software, we calculate the probability of failure at 
the PGA value corresponding to the mid-point of each bin and then take 23.74% of 
that probability as the actual probability of dam failure. 
 
The above assumptions are lower bound assumptions because the probability that 
the dam fails when it is at or below the authorized levels is very low, but not zero. 
 
After mitigation, we calculate the probability of failure, assuming equal probabilities 
365 days per year.   In reality, the after-retrofit dam will have a much lower 
probability of failure during low water times.  Thus, the assumptions for the as-is 
and after retrofit conditions are both lower bound type assumptions which may 
significantly underestimate the actual benefits of the mitigation project. 
 
The probabilities of failure are calculated from the FEMA Fragility Curve Calculator 
for the as-is and after-retrofit fragility data above.  These results are shown in 
Table 1 on the following page. 
 
These fragility-curve based results indicate annual probabilities of failure for the 
as-is and after-retrofit dam of approximately 0.00333 and 0.000172, respectively.  
These probabilities correspond to return periods for failure of 300 years for the as-
is dam and 5,803 years for the after-retrofit dam.  These return periods reflect the 
significant risk pose by the as-is dam and the high level of safety provided by the 
seismic retrofit.  As noted above, these return periods are lower-bound type 
estimates for benefit-cost analysis; that is, the as-is-dam is likely more vulnerable 
than assumed and the after-retrofit dam is likely less vulnerable than assumed.
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Table 1 
Big Tujunga Dam Seismic Fragility Results 

 

Fragility Curve 

Probability of 

Failure

Probability 

Reservoir Above 

Authorized

Combined 

Probability of 

Failure

Annual 

Probability of 

Dam Failure
3

Fragility Curve 

Probability of 

Failure

Annual 

Probability of 

Dam Failure
3

4-8 0.065295950 0.0161% 23.74% 0.00003810 0.00000249 0.0000 0.00000000

8-16 0.081245261 0.5956% 23.74% 0.00141393 0.00011488 0.0000 0.00000000

16-32 0.064525177 7.6114% 23.74% 0.01806953 0.00116594 0.0000 0.00000005

32-55 0.020426755 30.7667% 23.74% 0.07304013 0.00149197 0.0004 0.00000878

55-80 0.002789559 57.3007% 23.74% 0.13603195 0.00037947 0.0127 0.00003549

80-100 0.000477843 73.6809% 23.74% 0.17491852 0.00008358 0.0648 0.00003098

>100 0.000455515 86.0605% 23.74% 0.20430767 0.00009307 0.2130 0.00009701

Total: 0.00333139 Total: 0.00017232

Return Period 

(years): 
300

Return Period 

(years):
5,803

1
 These are the PGA "bins" in the FEMA Full Data BCA Module for Seismic Projects.

2
 From FEMA Full Data BCA Module, using standard FEMA/USGS seismic data

3
 Annual probability of a given ground motion times the probability of failure if the ground motion occurs.

After Retrofit Dam
Annual 

Earthquake 

Probability
2

PGA 

(% g)
1

As-Is Dam
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Benefit-Cost Analysis Data Inputs 
 

Big Tujunga Dam Replacement Value 
 
$150,000,000 (Lilley, 2007).  The replacement value for a current-code dam was 
estimated based on the rehabilitation cost plus the original dam cost ($1.16 million) 
updated to current values.  The original dam plus additions included in the 
rehabilitation is a reasonable approximation to a current code dam.   
 
 

Building Value in Inundation Area 
 
$54,322,000 (Lilley, 2007).  Building values (excluding land values) for the 757 parcels 
in the inundation area were taken from January 2005 Los Angeles County Assessor’s 
data.  However, per Proposition 13, these values do not reflect current values, but 
rather values at the time of purchase or refinancing.  More than 70% of the values 
were pre-2000, with many much older.  The assessed values were increased by 50% 
to more accurately reflect current replacement values for benefit-cost analysis.   
Building damage given dam failure was estimated conservatively at 90% of building 
value. 
 
 

Contents Replacement Value 
 
$27,161,000. 50% of building replacement value.  HAZUS typical value for residential 
and FEMA standard value for next generation BCA software.  Contents damage given 
dam failure was estimated conservative at 90% of contents value.  
 
 

Displacement Costs 
 
$5,970,760.  Displacement cost for temporary housing were estimated conservatively 
using typical FEMA values for displacement time, monthly rental costs, other monthly 
costs and one-time costs.  Actual displacement costs would likely be significantly 
higher, thus this value is a lower-bound type estimate for benefit-cost analysis. 
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Data inputs and calculations for building value, contents value and displacement costs 
for temporary housing are summarized in Table 2 below. 
 

Table 2 
Building Value, Contents Value and Displacement Costs. 

 
Parcels 757

BRV $54,322,000 $48,889,800 90% damage

BRV/SF $150.00 estimate

SF 362,147 estimate

Average SF 1,449 estimate

Number of Buildings 250 estimate

Contents (50% BRV) $27,161,000 $24,444,900 90% damage

Displacement Costs Unit Costs Total Costs

Rent/month $1.00 per SF $362,147

Other monthly costs $500 per building $125,000

One time costs $500 per building $125,000

Displacement Time 12

Displacement Costs per Failure

Rent $4,345,760

Other monthly $1,500,000

One Time $125,000

Total $5,970,760

Note:  these are lower bound inputs, 

using above FEMA typical values, which 

are low.

months FEMA typical "cap"

 
  
 

Occupancy within Inundation Zone and Casualties 
 
Occupany estimates for the inundation area are summarized below in Table 3. 
 

Table 3 
Occupancy within Inundation Area. 

 

Day Evening Nights Day Evening Nights

Dwellings 414 931.5 1035 828 931.5 1035

School 506.25 0 0 0 0 0

Athletic fields 12.5 12.5 0 50 0 0

Golf/tennis 50 25 0 100 50 0

YMCA Camp 33 0

Road Traffic, hikers, 

picnickers
20 5 2 30 5 2

Totals 1035.75 974 1037 1008 986.5 1037

Assume 12 months per year, except for the school.  Seasonal variations included in estimates.

Occupancy
Weekdays Weekends
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Residential occupancy estimates are from census data, assuming 40% occupancy 
during weekday days, 80% occupancy on weekend days, 90% occupancy evenings 
and 100% occupancy nights. 
 
The Sunland School has an enrollment of 650 students and an estimated 25 staff.  To 
account for a 9-month school year, these occupancies are reduced by 25% for 
weekdays, with no occupancy assumed at other times. 
 
The athletic fields are assumed to host an average of 1 event per weekday day and 
evening and 4 events per weekend day, with no events at other time.  An average 
attendance of 50 people (participants and spectators) for an average duration of 2 
hours.  Thus, for example, 1 event with 50 people for 2 hours weekdays corresponds 
to an average weekday occupancy of 12.5 people (8 hour day). 
 
The golf/tennis club as an average of 150 to 200 visitors per day and about 40 staff.  
The occupancy estimates above are conservative, assuming that visitors average 4 or 
5 hours for golf and about 2 hours for tennis and other club activities. 
 
The occupancy of the YMCA camp is estimated at 100 people for summer weekdays 
only.  The small occupancies for vehicle occupants, picnickers and hikers are lower-
bound type estimates. 
 
 
With the above, partially placeholder inputs, the average 24/7/365 occupancy is 
1018.70 people, as calculated from the above occupancy data entered into the FEMA 
Full Data BCA software.  The average occupancy calculation is shown below in Table 
4. 
 

Table 4 
Average (24/7/365) Occupancy Calculations 

 

Day Evening Night Day Evening Night

Occupants 1035.75 974 1037 1008 987 1037

Days /  Week 5 5 5 2 2 2

Hours / Day 9 6 9 9 6 9

Months / Year 12 12 12 12 12 12

Average Occupancy (24 hours, 7 days / week) 1018.70

Building Occupancy

Weekdays Weekends

 
 
For benefit-cost analysis, we use FEMA’s 2008 statistical value of life, which is 
$3,332,958.   With an estimated 80% death rate, the average death total is about 
815and the corresponding economic value is $2,716, 227,452 (about $2.7 billion). 
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Value of Water Storage 
 
At the dam’s current restricted operating level, the average annual water storage is 
approximately 2,923 acre-feet.  After retrofit, the average annual water storage will 
increase by approximately 4,500 acre-feet.  At the current (as of January 2009) 
Metropolitan Water District wholesale rate of $412 per acre-foot, the annual value of 
water lost by the current reservoir restrictions is $1,854,000. 
 
 
Benefit-Cost Analysis Results 
 
Using the above seismic fragility estimates and values for the various categories of 
damages and losses considered yields the total damages and losses per dam failure 
event shown in Table 5.  The total damages and losses are about $2.6 billion, with 
about 90% from the statistical value of expected deaths. 
 

Table 5 
Scenario Damages and Losses per Dam Failure Event 

 

Dam Replacement $150,000,000

Building Damages $48,889,800

Contents Damages $24,444,900

Displacement $5,970,760

Deaths $2,716,227,452

Subtotal $2,945,532,912  
 

 
Taking into account the annual probabilities for failure (return periods) of the dam 
under as-is and after-retrofit conditions (cf. Table 1 above), the annualized damages 
for the as-us and after-retrofit conditions are shown in Table 6. 
 

Table 6 
Annualized Damages and Losses 

 

Results As-Is After-Retrofit Annual Benefits

Totals $11,666,730 $507,562 $11,159,168

Return Period 

for Failures 

Annualized 

Damages
$9,812,730

Annual Water 

Loss Value
$1,854,000 $0.00

300
N/A

$9,305,168

$1,854,000

5,803

$507,562

 
 

 

Benefit-cost results are shown below in Table 7. 
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Table 7 
Benefit-Cost Results 

 

 

Annual Benefits $11,159,168

Present Value Coefficient
1  

14.27

Net Present Value of Benefits $159,241,327

Project Cost $88,533,680

Benefit-Cost Ratio 1.799

1
 Present Value Coefficient for 7% discount rate and 100-

year project useful lifetime from FEMA Seismic BCA 

Technical Manual  
 

The conservative, lower-bound type inputs into this benefit-cost analysis yield a 
BCR of 1.799  Thus, this mitigation project is demonstrably cost effective with 
over $159 million in benefits for a project cost of about $88.5 million. 
 

The benefit-cost results presented above are conservative lower-bound results in 
many ways: 

1) The analysis considers only seismic risk and does not consider the risk of dam 
failure from extreme flood events or large landslides into the reservoir.  If 
extreme floods and landslides each have return periods for failure of 1,000 
years, then the calculated return period for failure of the as-is dam would 
decrease from 300 years to about 187 years.  In this case, the benefit-cost ratio 
would be about 2.75. 

2) The damage and loss estimates for the categories included in the BCR are 
conservative and likely underestimate the actual damages and losses, with a 
commensurate underestimate of the benefits. 

3) Several categories of significant damages and losses were not considered in 
the analysis; including these categories would raise the calculated benefits: 

a. Disruption time – economic impacts, 

b. Debris removal, valley restoration, emergency response and emergency 
management costs, 

c. Other damages to landscaping, vehicles and outbuildings. 

d. Infrastructure damage to roadways, bridges, and utilities within the 
inundation area, 

e. Damage to the major bridges of I-210 and Foothill Boulevard, and 

f. The economic impacts of road/bridge closures. 

g. Loss of flood protection for residents within Big Tujunga Creek and 
reduction in flood protection for the Los Angeles River system 
downstream. 
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Considering all of the above lower-bound type assumptions, a complete best-data 
benefit-cost analysis would likely yield a BCR in the range of approximately 2.5 to 3.0, 
considering seismic benefits only.  Thus, this mitigation project is likely even more 
cost-effective than demonstrated by the present conservative benefit-cost analysis. 
 
 
 Benefit-Cost Analysis Using FEMA BCA Software 
 
 
The above BCA can also be done using the FEMA BCA software.  The FEMA 
“Limited-Data” BCA module can be used for any hazard, as long as a damage-
frequency relationship can be established. 
 
For this BCA, we use the return periods for dam failure (as-is) and after-mitigation 
shown above in Table 1 and the damages and losses shown in Tables 6 (dam 
replacement, building damages, contents damages, displacement costs, and deaths) 
and Table 7 (annual water loss value).  To use, the FEMA BCA module, two analyses 
have to be run because the module automatically interpolates between entries at 
different frequencies.  Thus, if the annual value of water loss is entered for a “1-year” 
event, the module (incorrectly) interpolates this value for events up the 300-year event 
where dam failure is assumed, which is incorrect for the value of water lost 
calculations. 
 
The total benefits for this project are thus the sum of the benefits for the two BCA runs 
summarized below: Big-T BCA-LD-01.xls and Big-T-LD-BCA-02.xls. 
 

Table 8 
Benefits Calculation:  Avoided Damages, Displacement Costs and Deaths 

 

SUMMARY OF BENEFITS AND COSTS
Expected Present

Annual Value

Expected Annual Damages Before Mitigation $9,812,730 $140,020,306

Expected Annual Damages After Mitigation $507,309 $7,238,921

Expected Avoided Damages After Mitigation (BENEFITS) $9,305,421 $132,781,384

PROJECT COSTS $88,533,680

PROJECT BENEFITS $132,781,384

BENEFITS MINUS COSTS $44,247,704

BENEFIT-COST RATIO 1.50  
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Table 9 
Benefits-Calculation:  Avoided Loss of Water Value 

 

SUMMARY OF BENEFITS AND COSTS
Expected Present

Annual Value

Expected Annual Damages Before Mitigation $1,854,000 $26,455,188

Expected Annual Damages After Mitigation $0 $0

Expected Avoided Damages After Mitigation (BENEFITS) $1,854,000 $26,455,188

PROJECT COSTS $88,533,680

PROJECT BENEFITS $26,455,188

BENEFITS MINUS COSTS ($62,078,492)

BENEFIT-COST RATIO 0.30  
 
 
 

Table 10 
Total Benefits 

 

Project Costs $88,533,680

Project Benefits $159,236,572

Benefits Minus Costs $70,702,892

Benefit-Cost Ratio 1.799
 

 

The very minor differences between the total benefits calculated above in Table 7 and 
the results in Table 10 using the FEMA BCA software result from minor rounding 
errors in the calculations; these differences are inconsequential. 
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